This is the third paper in a series of four papers which introduce cybersusy, which is a new mechanism for supersymmetry breaking in the supersymmetric standard model (SSM). In this paper we display some solutions to the constraint equations of BRS cohomology in the SSM. In particular we discuss the leptonic dotspinor pseudosupermultiplets that were used in Cybersusy I to calculate leptonic supersymmetry breaking in the supersymmetric standard model. We also introduce examples of hadronic dotspinor pseudosupermultiplets that will induce baryonic supersymmetry breaking in the SSM for the baryons with charge Q=-1, and related supersymmetry partner baryons. Some interesting relationships between the peculiar structure of the SSM, the existence of solutions for the BRS constraints, and supersymmetry breaking using cybersusy are noted.
Introduction

Review of Cybersusy in the First Two Papers
In [4] , cybersusy was introduced as a method to calculate the mass matrices of the electrons and the neutrinos and their superpartners, after taking supersymmetry breaking into account, in the standard supersymmetric model (SSM).
The introductory paper [4] reviewed the basic method and discussed the spectrum of masses somewhat, but it left some detailed work for the subsequent papers. The main things that were left to explain were:
1. the derivation and application of the nilpotent operator δ that arises from the BRS-ZJ identity after the integration of the auxiliary fields in the Wess Zumino model; 2. the structure of the fundamental chiral dotted pseudosuperfieldφ iα and the fundamental chiral scalar pseudosuperfield A i which can be used as building blocks to construct simple composite chiral dotted pseudosuperfields such asωα 1 ···α n ; 3. the constraint equations that must be satisfied by the simple composite chiral dotted pseudosuperfieldsωα 1 ···α n , in order for them to be in the cohomology space of δ; 4. the details of some of the leptonic and hadronic simple composite chiral dotted pseudosuperfieldsωα 1 ···α n , and a discussion of the solution of the constraints in the SSM; 5. the details of the computation of the lepton masses; Items 1, 2 and 3 in the foregoing list were addressed in [5] . Item 4 in the foregoing list will be addressed in this paper. Item 5 in the foregoing list is the subject of [7] .
Notation for the Massless Supersymmetric Standard Model
In [4] , we claimed that the baryons, and interesting leptons, appeared in a semi-magical sort of way as solutions of the constraint equations for the composite dotspinor part of the BRS cohomology in the massless SSM. Here we give the details. Our notation for the SSM was set out in [4] and we shall repeat the table of quantum numbers from there: Table of 
We used the lepton solutions in [4] to calculate supersymmetry breaking for the leptons. Here we can close the loop by exhibiting the full form of the dotspinor superfields that we used there, and deriving the algebra we used there also.
We repeat the superspace potential for the SSM: 
This is equivalent to:
So using the (5) part of d 3 for the massless SSM, we get:
+Complex Conjugate (6) and working out the derivatives yields:
where we define (b
One of the terms in the resulting composite dotspinor expression is the following:
When K takes its VEV:
this yields a contribution to the dsb quark structure of the dsb J = 1 2 baryon which is called the Ξ − b on page 994 and 995 of [9] . In the limit where b qp 1 is diagonal and the CKM angles are all zero, this would be a pure state of the dsb kind.
There are similar expressions for the proton, the neutron, their generalizations for three flavours, and the uct baryons, all of which give rise to composite dotspinors in the cohomology space.
Two remarks are in order here, for the sake of clarity. One could have looked for composite dotspinors that are not color or SU (2) singlets, and these probably exist. But they would not be in the cohomology space of the full BRS operator, which can clearly only contain singlets of these quantum numbers. The same reasoning would exclude U (1) quantum numbers, but we include them anyway. So there has been some tampering with the choice of interesting operators, with an eye towards the physics, and a realization that when gauge symmetry is included, there will be a restriction to color SU(3) and weak isospin SU(2) singlets. The weak isospin-hypercharge gauge symmetry SU (2) × U (1) will be broken down to electric charge U (1) by the VEV of course. Now let us consider a simple generator for a leptonic solution to the constraint equations.
Consider the following expression which we used in [4] (actually we used its complex conjugate):
Note that it has lepton number L=1, hypercharge Y=-2, and that it will give rise to an antichiral undotted spinor pseudosuperfield with spin J = 1 2 , provided the constraint is satisfied. These are the quantum numbers of the electron. The relevant part of d 3 here is
The demonstration that d 3 yields zero is very similar to the demonstration for the hadron in subsection 1.4:
So we have shown that this can be built up into an antichiral undotted spinor pseudosuperfield, which means that its complex conjugate is a chiral dotted spinor pseudosuperfield, as claimed in [4] . We will return below to the specific form of this superfield and its components.
Full Form of one of the Dotspinor Pseudosuperfields for the Electron
We want to start with the expression
and build it up into its full components, using the methods outlined in section 9 of [5] . So we need the two fundamental antichiral composite undotted spinor pseudosuperfields that arise from the two spinors in (47). These are:
and the standard notation is:
So we identify φ
Next we need the antichiral scalar pseudosuperfields that correspond to the two scalar fields in (47) as discussed in subsection 6.1 of [5] . These are:
Then the total expression iŝ
This is antichiral: D βω q α = 0 (57) and its components can be found by projection, as was done in [5] , using the methods of [2] . The difference is that here the expression actually satisfies the constraint identically, whereas in [5] we needed to assume that it satisfied the constraint, but we had no actual example. The projection has the form:
The component forms can be quickly found in this way. In these four papers on cybersusy, we have little actual need for the component form of any of these expressions, since the actual physics that we find is found using the effective fields. All we need to know is that these expressions exist, and their quantum numbers and that they satisfy the cybersusy algebra. The latter does require some knowledge of their component forms, as will be seen below.
Spontaneous Breaking of Gauge Symmetry
Next we want to derive the algebra used in [4] to generate supersymmetry breaking. Table ( 2) gives rise to gauge symmetry breaking if g J = 0. We note that
needs a shift of the scalar field parts of the superfield to eliminate the m 2 term:
Then we have a zero vacuum expectation value for the auxiliary field:
which means that supersymmetry is conserved by this VEV. This is the development of a vacuum expectation value (VEV) of mv in these two fields, followed by a shift to fields with no vacuum expection value. Here we have
We need to rewrite the action after the substitution in equation (63), in terms of new eigenstates of mass and charge.
For example, in terms of the shifted fields, we define the mass eigenstates:
This has the inverse
In terms of the original action, however, this amounts to the substitution:
The superpotential, after this shift and redefinition, written in terms of mass eigenstates is then:
In the above H and J constitute a massive Higgs boson supermultiplet, and K, K + , H − are three Goldstone Boson supermultiplets which will be 'eaten' by the vector boson supermultiplets to form the massive weak vector boson supermultiplets Z
The following summarizes our notation for the the supersymmetric standard model (SSM) with Spontaneously Broken Gauge Symmetry (SBGS).
Matter and Zinn Fields after SBGS
3 Cohomology for Leptons in the Standard Model, and the Introduction of Spontaneous Breaking
Discussion
Up to now we have discussed the BRS cohomology in general for a massless chiral scalar action, and then we have exhibited, in subsections 1.4 and 1.5, two solutions of the constraint equations in a specific example-the massless SSM. For the hadronic case we looked at expression (15), which was
and we noted that it could be written in the form
For the leptonic case we looked at expression (1.5), which was:
It satisfies:
What happens to these solutions of the constraint equations when the Spontaneous Breaking of gauge symmetry in the SSM is turned on?
The answer is that the right hand side of the equations (77) and (79) for these hadronic and leptonic cases is no longer zero after gauge symmetry breaking. It is in fact something more interesting than zero.
Explicitly, in the spontaneously broken theory, we find that d 3 is equation (14) except that the coefficient of ψ † Jα is changed:
Since we are using this in the context where there are no derivatives, we can actually use the above and change variables later. But it is a comfort to use the new variables too, to be sure that things are working correctly. Let us focus on the electron type operator in equation (78).
Calculation with d 3 in the theory with SBGS
Let us return to the treatment of the operator in equation (78) that was done in section 1.5, but now let us perform the shift and change of variables that are appropriate to the case with spontaneously broken gauge symmetry. The notation and procedure for the shift and change of variables here are explained in section 2.1.
After SBGS, the operator d 3 , and the full pseudosuperfields that it corresponds to, are of the form
where P SSP is defined in equation (72). Also we must reexpress the derivatives and the superpotential in terms of the shifted mass eigenstate fields. Equation (83) takes the place of equation (6), and it summarizes what happens to the relevant full fundamental dotspinor pseudosuperfields (which are not actually superfields, as emphasized in [5] -they have the quadratic inhomogeneous terms for the theory without SBGS, and when gauge symmetry is broken, they acquire additional terms as discussed below).
For the particular case (82), we only need the following parts of d 3 , now with shifted and redefined fields:
In terms of the variables of the spontaneously broken theory, we have:
Now what does d 3Left Lepton actually do? It summarizes the requirement that arises when the supersymmetry operator δ BRS acts on a composite operator, in order for that composite operator to behave like a dotspinor. To see if this expression behaves like a dotspinor, we examine:
(92) and this yields
and this is summarized by:
It does not behave like a dotspinor. It is not a superfield. It has a homogeneous term added to the usual transformation of a chiral dotted spinor superfield. This is the cybersusy algebra for this operator.
What happens to this operator in equation (98) is summarized in the top line of Table ( 99): The other three lines in Table ( 99) are similar operators that are in the cohomology space before gauge symmetry breaking and that have the variations shown after GSB. 
The point is that these expressions behave like dotspinors except for the extra term. We used these extra terms to generate the new algebra, and the cybersusy action, and the supersymmetry breaking in [5] .
Neutrinos
Similarly we have Table (100). It lists four operators with the quantum numbers of the neutrino and its antiparticle which are in the cohomology space before gauge symmetry breaking and that have the variations shown after GSB. 
This is precisely the algebra that we used in [4] . The same algebra arises for the neutrinos of course, except that the matrices r qp and p qp get exchanged.
The observables of the SSM are actually composite Operators
Consider the following terms on the last line in Table (99) :
(102) When written in terms of the variables of the SSM with SBGS, this becomes:
Note that there is an elementary field (the Selectron) times a mass, namely E q− mv, in this composite operator (103), after SBGS. The algebra is telling us that this elementary field is really part of a scalar composite operator and that scalar composite operator gets mixed with a dotspinor composite operator after SBGS, and that supersymmetry is broken by that mixing in the way described in [4] .
So the argument would be something like this: If one ignores the fact that the Selectron E q− is really a part of a composite operator (103), in terms of the variables appropriate after gauge symmetry breaking, and one also ignores the mixing of that operator with the corresponding dotspinor ω Epα constructed from (101), then one misses the supersymmetry breaking. Of course, this operator E q− is just the scalar of a chiral scalar multiplet, and the above discussion really needs amplification to include the fact that this is a mapping of supermultiplets.
Another point that is very important is that this algebra is not restricted to this simple operator. The algebra probably needs to be generally true for any operator with the same quantum numbers as the simplest dotspinor for a given quantum number. Then the argument will work properly.
There is good reason to think that all relevant operators participate in the cybersusy algebra, as we shall demonstrate in section (5) below.
The Baryons with Y=-2 and Y=+2
We now list the generating polynomials for some hadrons in the spontaneously broken SSM in our notation. These can be used to construct the composite dotspinors, as was done above for the leptons. 
= m 4 ε c 1 c 2 c 3 gψ
There are also terms like
This is the sort of thing that one would expect for the hadronic operator for the relevant bound state. When one looks at the rest of the operators, one finds a complicated system of composite operators with a complicated algebra relating them. Similar algebras and towers of cohomology exist for the quantum numbers of the proton and neutron and Σ ++ . These algebras are similar to the algebra set out above for the leptons, and we hope to return to them and the related effective action for supersymmetry breaking in a future paper. At the present time, of course, it is not at all clear that the result for the baryons will be phenomenologically viable-the surprise so far is that the corresponding case for the leptons looks quite promising, as seen in [4] .
A multiplicity of operators for a given composite particle
One possible, and reasonable, objection is that we have abstracted from one operator for a composite electron, and its algebra upon gauge symmetry breaking, to build an effective theory of supersymmetry breaking. This may look like an error.
Moreover it is proposed to do the same kind of exercize for the baryons.
It is certainly true that any composite particle, such as a baryon, has certainly got a multitude of operators that can be used to create it, formed from the constituent operators in the basic theory in which it appears to be a composite.
We shall assume here that cybersusy will give reasonable results for the baryons, in the same way that it has done for the leptons. If that does not happen, it will be a major problem for cybersusy. Let us suppose that the results are reasonable.
In order to justify cybersusy as a reasonable supersymmetry breaking mechanism, do we need to establish that all possible operators that can create a given composite, say a proton supermultiplet, in the spontaneously broken SSM, give rise to the same algebra in some sense? This seems correct, because if there are some such operators that do not give rise to the cybersusy algebra, but do create protons, then how can we know whether to use the effective action or not?
Actually it does seem possible that this idea is right. It is quite possible that all composite operators in the massless SSM which have the right quantum numbers to create protons do in fact have the cybersusy algebra upon SBGB.
First of all, let us restrict our attention to operators that create the proton supermultiplet, and that are also in the cohomology space, and are also generated from simple generators.
Even better, let us look at the baryonic tower discussed above in section , rather than the more complicated case of the proton. That tower of operators descend from an operator that, before supersymmetry breaking, creates a supermultiplet including the precursor to the ∆ − , with spin J = whereÂ Composite is any composite scalar pseudosuperfield with any dimension, so long as it has the same quantum numbers as the Lagrangian (zero lepton number, zero baryon number, zero hypercharge, a singlet under strong SU(3), a singlet under weak SU(2)). Ifω − ∆,αβγ transforms as a pseudosuperfield with the cybersusy algebra, then so willω − ∆ Comp,αβγ . All such operators also give rise to the cybersusy algebra upon gauge symmetry breaking, with suitable modifications of the other spinorial pseudosuperfields, since scalar pseudosuperfieldsÂ Composite are inert.
The set of operators made in this way is clearly infinite since a product of twoÂ Composite is another one.
To prove that all possible operators that could be used instead ofω − ∆,αβγ also satisfy the same cybersusy algebra would require a complete knowledge of the cohomology, which is not available. All that we can do now is note that the hypothesis does not seem ludicrous at this point in time.
Other Operators
The need for more complicated operators for the baryons is quite evident, since it is known that there are baryon resonances with spins greater than 5 2 . There are at least two ways to make such operators:
1. Add more spinors to the above operators to make simple generators with higher spin-these additional spinors would necessarily need to add up to baron number zero, so that the total operator still has baryon number one. This requires a better understanding of the gauge cohomology.
2. Add derivatives to the fields ψ, ψ, A, A and do more cohomology to go beyond the simple generators
However it does seem necessary, and sufficiently challenging, to see if the above towers of cohomology generate reasonable results using effective fields before undertaking the addional challenge of dealing with higher spins.
+Complex Conjugate (122)
6. The terms
have not played any role in our solutions in this paper. I suspect they play a role in the mesonic and bosonic spectrum, including the weak vector bosons, the Higgs, and the hadronic mesons, but that requires an understanding of the gauged supersymmetry cohomology, which is presently mostly unknown.
7. Our solutions come from d 3,special and they depend on the left right assymmetry in a peculiar way, and also on the existence of the special term
Jα . It would be interesting to see what other kinds of models, besides the SSM, allow solutions to these constraints. 8 . From the discussion in [5] , we know that these constraints are related to the Lie Algebra of invariances of the superpotential. But there is another thing going on in the SSM. The solutions to the constraints that we are interested in, because they look like bound states, are not generators of the well-known invariances like SU (3) × SU (2) × U (1) of the SSM-they are more obscure, and more interesting.
Summary
We have seen that the SSM provides an arena in which the constraint equations can be solved, and we have also seen that when the gauge symmetry breaks, these solutions become familiar particles for the baryons, and also for the leptons. We have not attempted to discuss any of the observed hadronic mesons or the weak vector mesons such as the weak vector bosons, the Z or the photon, or the Higgs, because they are too entangled with gauged supersymmetry. There has been an implicit assumption that we can deal with the leptons and hadrons without worrying much about gauged supersymmetry. Note that the simple dotspinors have no derivatives in their generators, and that the gauge particles do not have lepton or baryon number. For these reasons, it seems likely that we can make the assumption that we have made.
When the gauge symmetry breaks, the dotspinors are no longer invariant and they generate the cybersusy algebra that we used to break supersymmetry in [4] . However the leptons and hadrons do not get involved with the gauge particles even in this situation, except in the simple way that has been accounted for.
In the next paper of this series [7] , we will calculate the propagators for the leptons with broken supersymmetry. These were used to generate the polynomials in [4] that determine the supersymmetry breaking for the leptons, and the spectrum of broken supersymmetry for the leptons.
Those propagators also provide a basis for a complete analysis of the lepton spectrum, with broken supersymmetry, using cybersusy based on the SSM. 
